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[57] ABSTRACT

A standing-wave accelerating structure for accelerating
charged particles wherein a converging“force and a
diverging force of an electric field to an electron beam
are checked to improve the transmittivity of the elec-
tron beam through the accelerating structure and pro-
duction of X-ray leakage is eliminated or minimized.
The accelerating structure comprises a buncher section
including at least one cavity for mainly bunching
charged particles, and a regular section including at
least one cavity. The diameter of a bore in the buncher
section is smaller than the diameter of another bore in
the regular section. A shorting bar for stopping propa-
gation of microwaves is inserted in at least one of the
cavities, and a means for accelerating the charged parti-
cles and for converging a beam is provided forwardly
or rearwardly of the cavity in which the shorting bar 1s
inserted.

6 Claims, 5 Drawing Sheets
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STANDING-WAVE ACCELERATING STRUCTURE
WITH DIFFERENT DIAMETER BORES IN
BUNCHING AND REGULAR CAVITY SECTIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a standing-wave accelerat-
ing structure for accelerating charged particles such as
electrons from an emitted energy to a higher energy
with an electric field of microwave power.

FIG. 1 shows an exemplary one of standing-wave
accelerating structure which is disclosed in “Linear
Accelerator”, p. 607, edited by P. M. Lapostolle and A.
L. Septier, published by North-Holland Publishing

Company, Amsterdam. Referring to FIG. 1, a beam 2 of

charged particles is accelerated and advances in a stand-

ing-wave accelerating structure 1. Here, the charged
particle beam 2 is a beam of electrons and advances in
the direction indicated by an arrow mark of a broken
line. Accelerating cavities 3 are provided to provide
energy to the electron beam 2 by way of microwave
power to accelerate the electron beam 2. Coupling
cavities 4 act to cause matching of the phases of micro-
waves of adjacent ones of the accelerating cavities 3 so
that the electron beam 2 may be acted upon by an elec-
tric field in the accelerating direction in each of the
“accelerating cavities 3 as the electron beam 2 advances
to one after another of the accelerating cavities 3.
FIG. 2 shows a cross section of the arrangement of
FIG. 1. Referring to FIG. 2, shadowed portions of the
accelerating structure 1 are made of a metal of a high
electric conductivity such as, for example, copper and
define therein the accelerating cavities 3 and the cou-
pled cavities 4. It is to be noted that all of the shadowed
portions of the accelerating structure 1 need not be
made of the same material in accordance with the fre-
quencies of the microwaves which resonate in the cavi-
ties and only those portions of the accelerating structure
1 which are sufficiently thick with respect to the skin
depth by the microwaves from a surface of a cavity
need be made of a material of a high electric conductiv-
ity. A pair of flanges 5a and 5 are provided to allow
connection of the accelerating structure 1 to another
device, and the inlet or entrance flange Sa is provided
on one side of the accelerating structure 1 through
which the electron beam 2 comes into the accelerating
structure 1 while the outlet or exit flange 55 is provided
on the other or exit side of the accelerating structure 1.
A wave guide 6 is coupled to the accelerating structure
1 for introducing microwaves into the individual cavi-
ties. The wave guide 6 has coupling holes formed
therein and coupling holes 7a formed between the cavi-
ties such that the microwaves may be distributed into
the individual cavities through the coupling holes 7a
and 7b. The coupling holes 7a are provided between the
accelerating cavities 3 and the coupled cavities 4 while
the coupling holes 7b are provided between the wave
guide 6 and the accelerating cavities 3. Each of the
accelerating cavities is a certain modification from a
cavity of the re-entrant type, and each of a pair of pro-
jected portions 8 for intensely concentrating an electric
field is called, in a standing-wave accelerating structure,
a nose cone. A bore 9 for passing the electron beam 2
_therethrough is formed in each of pairs of the opposing
nose cones 8 so that the electron beam 2 may be succes-
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sively accelerated in the accelerating cavities 3 by elec-
tric fields of microwaves produced by the nose cones 8.

As seen in FIG. 2, the accelerating structure 1 has a
repetitive or cyclic structure of the accelerating cavities
3 and the coupled cavities 4 and thus has a spatial perio-
dicity. The cycle distance 21a between the centers of
adjacent chambers 3 is the same dimension as and is
normally indicated as the 21b distance because the
right-hand side half and the left-hand side half of each of
the cavities are symmetrical and always have a same
dimension, and the dimension is called a cycle and 1s
referred to herein as D. A section 22 of the accelerating
structure 1 in which the cycle 215 has a constant value
so that the electron beam 2 may always be acted upon
by accelerating electric fields in the individual acceler-
ating cavities 3 when the velocity of the electron beam
2 substantially reaches the light velocity 1s called a
regular section. To the contrary, another section 23 of
the accelerating structure 1 in which the electron beam
2 after coming into the accelerating structure 1 is accel-
erated by microwaves and electrons are bunched to a
location in which the microwaves are efficient for the
velocity modulation of the electron beam 2 is called a
buncher section. In FIG. 2, the buncher section 23 1n-
cludes two cavities, but this is a mere example and the
buncher section 23 may otherwise include a greater or
smaller number of cavities depending upon a design of
the accelerating structure.

FIG. 3 shows detailed construction of such an accel-
erating cavity. Referring to FIG. 3, the dimension 24 of
the diameter of the bore 9 is represented by b, the di-
mension 25 called height of the nose cones 8 by h, and
the gap 26 between the opposing nose cones 8 by g.
Arrow marks 30 indicate an electric field produced by
microwaves within the accelerating cavity 3. FIG. 3
illustrates, in diagrammatic representation, a manner in
which the electron beam 2 is accelerated. Since natu-
rally the electric field 30 is an electric field produced by
microwaves, the intensity and the direction vary in a
cyclic manner in time.

Now, operation will be described. As shown in
FIGS. 1 and 2, microwaves of such a high power of, for
example, 5 MW in peak power of pulses are supplied to
the accelerating structure 1 from the wave guide 6. It is
to be noted that such microwaves are supplied by a high
power microwave tube such as a klystron or a magne-
tron not shown. The microwaves propagate into the
coupling holes 7b and then into the entire structure 1
through the coupling holes 7a to standing waves in each
of the cavities. This is why the accelerating structure 1
is called structure of the standing wave type. As the
accelerating structure 1 is designed such that the Q
value of the cavities is set high while the Q value of
coupled cavity 4 is set low, the energy of the micro-
waves is stored more in the accelerating cavities 3 that
the electron beam 2 is accelerated with a high efficiency
The electron beam 2 is introduced into the accelerating
structure 1 from a suitable device such as electron gun
connected to the inlet flange 52 and is then accelerated
in the buncher section 23 (increased in velocity and in
energy) while being bunched a certain phase of the
microwaves until the velocity the electron beam 2 is
increased substantially the light velocity. After this, the
electron beam 2 advances to the regular section 22 in
which the energy thereof is increased while maintaining
the almost light velocity (naturally, in a strict sense, a
velocity lower than the light velocity) in accordance
with the relatively theories, and then the electron beam
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2 advances into a next device such as, for example, a

beam which is connected to the outlet flange 36 of the
structure 1.

Acceleration of the electron beam 2 will now be
described with reference to FIG. 3. When the electron
beam 2 comes into the accelerating cavity 3 through the
bore 9, an electric field 30 is produced between the

opposing nose cones 8 in the cavity 3. The direction of

the arrow marks indicates a direction in electrons are
accelerated. If the microwaves change by a half wave-
length distance in the accelerating direction while the
electron beam 2 travels in the accelerating cavity 3 of
the cycle 215, the electron beam 2 only experiences the
accelerating electric field produced in gap 26 during
passing thereof through the cycle and also in the subse-
quent next accelerating cavity, the electron beam 2 is
similarly acted upon by another accelerating electric
field of microwaves. In this manner, the electron beam
2 i1s accelerated successively. Thus, the adjacent accel-
erating cavities are designed such that microwaves in
each two adjacent ones thereof are different by 7 in
phase, that is, by a half wavelength distance.

The electric field 30 presents a shape an arc near the
locus of the electron beam 2 as in FIG. 3 and thus con-
centrates on an edge of the bore 9 because the bore 9 is
a space. The electron beam 2 which has a limited broad-
ening advances in the accelerating structure 1 while
repeating convergence and divergence by the arcuate
electric fields 30 when the electron beam 2 advances in
the electric fields 30. While it may often be considered
from the shape shown in FIG. 3 that the diameter of the
electron beam 2 does not dive very much and has con-
vergency because the electron beam 2 coming in with a
low energy has a converging force with a component of
the electric field in the converging direction and is
provided with a high energy by an action of the electric
field whereafter it acted upon by a diverging force and
advances to a next accelerating cavity, the electron
beam 2 is separated portions which undergo a high
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convergence and a high divergence depending upon a 40

relationship between the position of the electron beam 2
in the advancing in the cavity and the phase of micro-
waves.

All of the accelerating cavities 3 must coincide with
each other in resonance frequency within an allowance.
Since the velocity of electron is not sufficiently high in
the buncher section 23 of the accelerating structure 1
compared with that in the regular section 22, the cycle
2156 1s designed to be short. In this instance, the reso-
nance frequency is dominantly defined by a capacitance
component C of the opposing nose cone portions and an
inductance component L around the opposing nose
cone portions assumes a value near to 1/ \/ CL. There-
fore, the accelerating cavities 3 are designed such that
the gap 26 is reduced without changing the height
(shown by dimension 25) of the nose cones irrespective
of the buncher section and the regular section 22. This
is because, while the capacitance component C of the
gap portion increases, the inductance component L
decreases since the cross section of the cavity decreases
as shown in FIG. 3 and consequently 1/V CL does not
exhibit a considerable change.

Since the conventional standing-wave accelerating
structure has such a construction as described above,
while there is a diverging portion in an electron beam
depending upon a shape of an electric field, in the
buncher section of the accelerating structure, the gap
between opposing nose cones is reduced and the arcuate
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shape of the electric field on an electron beam passing
line becomes further prominent (FIG. 4) so that the
converging and diverging forces to the electron beam
increase. Consequently, there are various problems that
the transmittivity of an electron beam through the ac-
celerating structure may be deteriorated, that electrons
may collide with a wall of the accelerating structure to
produce unnecessary radiations such as X rays, and that
the improvement in accelerating characteristic of an
electron beam cannot be anticipated.

Meanwhile, another exemplary one of conventional
standing-wave accelerating structure which have simi-
lar functions to those of the standing-wave accelerating
structure described above is shown in FIG. §. The
standing-wave accelerating structure shown includes
coupled cavities 52a to 524, 53 and 54, and shorting bars
55 for stopping propagation of microwaves. Thus, parti-
cles 56 are accelerated by energy of microwaves accu-
mulated in accelerating cavities 81 and pass through
bores 37.

Subsequently, operation will be described. The cou-
pled cavities 53 and 54 which are provided with the
shorting bars have coupling holes of different sizes. In
particular, the size of the coupling hole of the coupled
cavity 53 is equal to the size of the coupling holes of the
coupled cavities for the other accelerating cavities 51
while the coupling hole of the coupled cavity 54 1s
smaller than any other coupling hole. ‘

Now, if the shorting bar 55 is inserted into the cou-
pled cavity 54 as shown in FIG. 6, microwaves will
propagate in the coupled cavity 33 as indicated by an
arrow mark Al so that the microwaves are caused to
propagate in the second and following coupled cavities
52d.

To the contrary, if the shorting bar 55 is inserted into
the coupled cavity 83 as shown in FIG. 7, microwaves
will propagate in the coupled cavity 54 as indicated by
an arrow mark A2 so that the microwaves are caused to
propagate in the following coupled cavities 52d.

In the meantime, if the shorting bars 55 are inserted
into both of the coupled cavities 83 and 54 as shown in
FIG. 8, microwaves will not propagate at all in the
following coupled cavities 524 as indicatd by an arrow
mark A3.

As a result, electric field distributions in the accelerat-
ing structure will be such as shown in FIGS. 9(a) to 9(c)
in which the electric field distributions of the cases of
FIGS. 6 to 8 are shown, respectively. Since particles 56
accelerated are supplied with different amounts of en-’
ergy by the electric fields within the accelerating struc-
ture, energy of the particles 56 is different in the cases of
FIGS. 9(a) to 9(c). |

The energy of the accelerated particles 36 1s adjusted

in this manner by insertion or removal of the short bar
or bars 3.

‘Since the latter conventional standing-wave acceler-
ating structure has such a construction as described
above, if the shorting bar or bars 55 are inserted to
reduce or eliminate the magnitude of the electric fields
of the second and following cavities, also the electric
field perpendicular to the direction of advancement of
the particles 56 is reduced or eliminated. Consequently,
there is a drawback that the particles 56 will diverge 1n
the coupled cavities following the shorting bar and bars
and accordingly it is necessary to apply a magnetic field
from outside of the accelerating structure to cause the
particles 36 to converge.
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The conventional standing-wave accelerating struc-
ture has another drawback that, since the bores through
which electrons pass have a fixed diameter for all of the
accelerating cavities, sufficiently accelerated particles
may collide with cavity walls of the rear half of the
accelerating structure to produce X-ray leakage of a
high energy or the diameter of a beam at the exit of the

accelerating structure is widened.

SUMMARY OF THE INVENTION

It is a first object of the present invention to provide
a standing-wave accelerating structure wherein the
transmittivity of an electron beam through the acceler-
ating structure is improved and production of unneces-
sary radiations from the accelerating structure can be
controlled. . ‘ |

It is second object of the present invention to provide
a standing-wave accelerating structure wherein parti-
cles can be converged without applying a magnetic
field from outside.

It is a third object of the present invention to provide
an accelerating structure wherein production of X-ray
leakage of a high energy by collision of particles of a
high energy with cavity walls of the accelerating struc-
ture can be prevented and the diameter of a beam to be
delivered from the accelerating structure can be re-
duced. |

In order to attain the first object described above, a
standing-wave accelerating structure according to a
first embodiment of the present invention is constituted
such that the diameter of a bore of a cavity of a buncher
section thereof is formed smaller than the diameter of a
bore in a regular section thereof in order to improve the
shape of electric fields for acceleration.

Accordingly, diverging components of an electron
beam in directions perpendicular to the direction of
movement of the electron beam are reduced to improve
the transmittivity of an electron beam through the ac-
celerating structure.

Further, in order to attain the second object de-
scribed above, a standing-wave accelerating structure
according to a second embodiment of the present inven-
tion comprises an accelerating and beam converging
means provided forwardly or rearwardly of a coupled
cavity provided with a shorting bar for accelerating
particles and for providing a beam converging action.

The accelerating and converging means expands, In
the accelerating cavity for which the accelerating and
converging means is provided, the electric field distn-
bution in directions perpendicular to the direction of
advancement of particles to accelerated the particles
and apply a converging action to the particles.

In order to attain the third object described above, a
standing-wave accelerating structure according to a
third embodiment of the present invention comprises a
ring provided in the diameter of a bore of an accelerat-
ing cavity of the accelerating structure. Accordingly, a
beam which is expanded farther than the inner diameter
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FIGS. 3 and 4 are partial vertical sectional views
illustrating operations of the accelerating structure of
FIG. 1;

FIG. § is a cross sectional view showing a construc-
tion of essential part of another conventional standing-
wave accelerating structure; |

FIGS. 6 to 8 are cross sectional views illustrating
propagating conditions of microwaves when a shorting
bar or bars are inserted into different coupled cavities of
the standing-wave accelerating structure;

FIGS. 9(a), 9(b) and 9(c) are graphs illustrating elec-
tric field intensities in the standing-wave accelerating
structure when the shorting bar or bars are inserted into
the different coupled cavities as shown in FIGS. 6 to 8,
respectively;

FIG. 10 is a vertical sectional view of essential part of
a stariding-wave accelerating structure showing a first
embodiment of the present invention; .

FIG. 11 is a vertical sectional view of the accelerat-

ing structure of FIG. 10;

FIG. 12(a) is a cross sectional view showing a con-
struction of an essential part of a standing-wave acceler-
ating structure according to a second embodiment of
the present invention, and FIG. 12(b) is a plan view of
a ring used in the accelerating structure of FIG. 12(a);

FIGS. 13 and 14 are graphs illustrating electric field
distributions in the accelerating cavity of the accelerat-
ing structure of FIG. 12(a); and

FIG. 15 is a vertical sectional view of a standing-
wave accelerating structure showing a third embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, a first embodiment of the present invention will
be described with reference to FIGS. 10 and 11. It 1s to
be noted that the present embodiment attains the first
object of the present invention described hereinabove.
An accelerating structure 1 includes a plurality of cavi-
ties, and the suffix i is added to reference numerals to
various elements as an indicium indicating a shape or
the like peculiar to the first cavity which is first met by
an electron beam 2 introduced into the accelerating
structure 1 while the suffix j is added to reference nu-
merals to various elements as another indicium indicat-
ing a shape or the like peculiar to the second or follow-
ing cavities. Thus, the first and following cavities are
denoted by reference symbols 3/ and 3j, respectively;
bores are denoted by 9/ and 9j; cycles of the cavities by
21/ and 21, diameters of the bores by 24/ and 24;; and
electric fields produced by opposing nose cones in the
accelerating cavities by 30/ and 30/ The location at
which the bores 9/ and 9/ change to the diameters 24/
and 24, respectively, is the center between the first and
second cavities, that is, the boundary between the cav-
ity cycles 21/ and 21,.

The velocity of the electron beam 2 which comes into
the accelerating structure 1 is very low compared with
light velocity. For example, when the energy of in-

of the ring is cut by the ring provided in the cavity of 60 jected electrons is 20 keV, the velocity is 0.272 C (C 1S

the accelerating structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view, partly broken away,
showing a conventional standing-wave accelerating

structure;
FIG. 2 is a vertical sectional view of the accelerating

structure of FIG. 1;

65

the light velocity) or so, and when the energy of in-
jected electrons is 60 keV, the velocity is 0.446 C or so.
It is to be noted that since the velocity of electrons is
0.941 C and 0.989 C when the electron energy is 1 MeV
and 3 MeV, respectively, it may be considered that the
velocity of electrons is substantially constant in a regu-
lar section 22 of the accelerating structure 1. Since the
velocity of electrons in the first cavity 3/ is not raised to
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a velocity near light velocity, normally the cycle 21i 1s
designed to be short comparing with the cycle 21j . As
described hereinabove, designing to reduce cycle 21/ 1s
normally attained by reduction of the gap 26/ while the
gap in chamber 3j is denoted by 26j . Meanwhile, the
cycle and the gap in the regular section 22 of the accel-
erating structure 1 are denoted by 215 and 21¢, respec-
tively (the cycle 21 and the gap 26j should be denoted
as indicated if they are in the regular section 22, but the
second cavity 3j may otherwise be in the buncher sec-
tion, and the cycle and the gap would be denoted ac-
cordingly. Where the accelerating structure 1 1s de-
signed with Di/Dr=0.6 or so where Di is the cycle
distance 21/ and Dr is the cycle distance 215, the ratio
gi/gr will have a value of gi/gr=0.3 where g1 is the gap
26/ and gr is the gap 21¢, because normally the height 23
of the nose cones is not varied, and the electric field 30/
will have a shape wherein the intersecting angle with
the locus of an electron beam is large comparing with
that in the regular section 22. Thus, where the bore
diameter at chamber 3/ is denoted by 24/ and the bore
diameter in the regular section 22 is denoted by 24/, the
accelerating structure 1 is designed such that, by mak-
ing the dimension 24/ smaller than 24; as seen in FIG.
10, a similar intersecting angle to that in the regular
section 22 may be provided by the locus of an electron
beam and the electric field.

Since the bore 9 is a hole through which the electron
beam 2 passes,, it will make no sense if the bore diameter
24/ of the first cavity 3/ is smaller than the diameter of
the electron beam 2. While the diameter of an injected
electron beam is 1 mm or so in the case of a well-
designed electron gun, in some cases electron current of
0.5 to 1 A in peak current may be required, and accord-
ingly it is a normal design that the diameter of an in-
jected electron beam is assumed to be 2 to 3 mm. The
bore diameter of the bore in the regular section 22 of the
accelerating structure 1 is a parameter related to the
energy gain efficiency and the beam transmittivity of
the electron beam 2 in the accelerating structure 1, and
with the above described divergence of the electron
beam 2 taken into consideration, the bore diameter of
the bore 9 in the regular section 22 1s set, as a design
example in the S band, to 5 to 7 mm or so where there
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is a focusing coil around the accelerating structure 1 45

and to 8 to 11 mm where there is no focusing coil. Thus,
the bore diameter of the first cavity 3/ and the cycle of
the cavity are selected so as to make a substantially same
ratio, that is, bi/br=Di1/Dr.

With the construction described above, the electric
field 30/ in the first cavity 3/ is approximately equivalent
to an electric field in the regular section 22 of the accel-
erating structure 1, and divergence of an electron beam
in the first cavity 37 can be checked. Normailly, since the
bore diameter bi of the first cavity 3/ does not become
extremely small and the intersecting angle of the elec-
tron beam 2 with the electric field 30/ becomes equiva-
lent to that in the regular section 22 without interfering
with passage of the electron beam 2, the electron beam
2 is not acted upon by a great diverging force and ac-
cordingly the electron beam transmittivity of the accel-
erating structure 1 is improved.

It is to be noted that in the first embodiment described
above an example wherein the bore diameter of only the
first cavity is reduced i1s shown. Where there is a
buncher also in the following cavity or cavities, nor-
mally the cycle distance of the second or following
cavities is not made as small as that of the first cavity
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compared with the cycle distance in the regular section.
However, an alternative construction may be employed
wherein the cavities are changed successively in bore
diameter with the setting of bj/br=Dj/Dr (bj and Dj
denote the bore diameter of the bores 95 the cycle 23aq,
respectively, of the individual cavities in the buncher
section) similarly to bi/br =D1/Dr.

Subsequently, as a modified form, the bore diameter
of the first cavity 3/ and the gap between the opposing
nose cones of the cavity are selected to be substantially
in the same ratio within a range wherein the bore diame-
ter is not smaller than the diameter of a beam. In partic-
ular, by the setting of bi/br= and the setting of
bj/br=gj/gr, . . . for the successive cavities in the
buncher section of the accelerating structure 1, the
electric fields 30/, 30/, . . . in the cavities in the buncher
section 23 become approximately equivalent to the elec-
tric field in the regular section 22, and convergence of
the electron beam 2 in the buncher section 23 can be

checked.

If the bore diameter 24i of the first cavity 3/ 1s de-
creased extremely so that passage of the electron beam
2 is hindered, it is necessary to set the bore diameter bi
to a rather greater diameter than such a diameter of the
electron beam 2 as described hereinabove. However, if
the ratios in bore diameter and in gap between opposing
nose cones are set to substantially same ratios between
the buncher section 23 and the regular section 22 the
electric fields will have similar shapes. Accordingly, the
electron beam 2 is not acted upon by a great converging
force in the buncher section 23 and the electron beam
transmittivity of the accelerating structure 1 15 1m-
proved. |

Further, even if the second cavity or the second and
following cavities are in the buncher section 23 of the
accelerating structure 1, the cycle distance of the fol-
lowing cavity or cavities is not made so small as that of
the first cavity 3/ compared with the cycle 215 1n the
regular section 22. In other words, since normally the
gap distance in the second and following cavities 1s not
so small as that of the first cavity compared with the
gap gr in the regular section 22, another construction
may be employed wherein only the bore diameter of
only the first cavity 3/ is set to bi/br=gi/gr where these
terms have been defined earlier and the bore diameter 1s
set to br for all of the second and following cavities.

As described so far, according to the first embodi-
ment of the present invention, the bore diameter in the

buncher section of the accelerating structure is set small =

compared with the bore diameter in the regular section
of the accelerating structure so as to reduce the inter-
secting angle of an electron beam to an electric field of
microwaves. Accordingly, divergence of the electron
beam can be reduced, and consequently the electron
beam transmittivity of the accelerating structure can be
improved while production of unnecessary radiant rays .
by collision of a diverged electron beam with a wall of
the accelerating structure can be checked. Thus, there is
an effect that reduction of the capacity of power and
reduction in cost of a pulse modulator as an accelerator,
reduction in cost and weight by reduction of a radiant
ray shield around the accelerating structure and so on,
can be attained.

Subsequently, a second embodiment of the present
invention will be described with reference to FIGS.
12(a) and 12(b) to 14. The second embodiment attains
the second object of the present invention.
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In FIG. 12(a), like parts are denoted by like reference
numerals to those of FIG. 5, and overlapping descrip-
tion thereof is omitted herein while description will be
given mainly of portions differing from the arrangement
of FIG. §.

As apparent from comparison of FIG. 12(a) with
FIG. 8, elements denoted by reference numerals 51 and
53 to 56 are similar to those of FIG. §, and in the em-
bodiment of FIG. 12(d), a ring 58 is provided as an
accelerating and beam converging means in an acceler-
ating structure 1 at an entrance of an accelerating cavity
51a subsequent to a coupled cavity 53 in which a short
bar 55 is inserted. The ring 58 has such a shape as shown
in FIG. 12(b) and is provided to change the distribution
of an electric field in the accelerating cavity S1la. The
ring 58 is disposed at a location spaced by several milli-
meters from the particle entrance of the accelerating

cavity 51a. Construction of the other portion of the
accelerating structure 1 is similar to that of the arrange-
ment of FIG. .

FIGS. 13 and 14 illustrate electric field distributions
in the accelerating cavity 51. Reference numeral 39 in

FIGS. 13 and 14 denotes the intensity of an electric field
in the advancing direction of particles 56 in the acceler-
ating cavity 51 while reference 60 denotes the intensity
of the electric field in a direction perpendicular to the
advancing direction of the particles 56.

Subsequently, operation will be described. While the
basic operation is similar to that of the conventional
arrangements, the ring 58 is placed at the entrance of
the accelerating cavity 51a subsequent to the coupled
cavity §3 provided with the shorting bar as shown in
FIG. 12(a). The electric field distribution in the acceler-
ating cavity 51a is different from the electric field distri-
bution in the other accelerating cavities §1 (FIG. 13),
and the electric field perpendicular to the advancing
direction of the particles 56 increases suddenly near the
particle entrance of the accelerating cavity 51a so that a
high converging action acts upon the particles 56 as
shown in FIG. 14. |

Accordingly, even if the shorting bar 55 1s inserted
into the coupled cavity 53 of FIG. § and consequently
the electric field suddenly becomes weak in the acceler-
ating cavity 51a of FIG. 12(a) as shown in FIG. %a),
the particles 56 are accelerated without being diverged
because they are acted upon by a high converging ac-
tion at the entrance of the accelerating cavity 31a .

It is to be noted that in case the shorting bars 33 are
inserted into the coupled cavities 53 and 54 on the oppo-
site sides as shown in FIG. 8, no electric field is pro-
duced in the cavities following the accelerating cavity
51q of FIG. 12(a) as seen in FIG. 9(c¢).

In such a case, the ring 58 may be provided at the
entrance of the accelerating cavity 51 of FIG. 12(a). In
other words, in case there are such three manners of
insertion of the shorting bar or bars 55 as shown In
FIGS. 6 to 8, it is necessary to provide the ring 38 at the
entrance of each of the accelerating cavity 51 and the
accelerating cavity 51a of FIG. 12(a).

It is to be noted that, in case the shorting bar 55 1s to
be inserted in such manners as shown in FIGS. 6 and 7,
the ring 58 may be inserted at the entrance to the accel-
erating cavity Sla.

If such a ring 58 is provided at each of all of the
accelerating cavities, the particles 56 will be strongly
converged in any case at the entrance of each of the
accelerating cavities.
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As described so far, according to the second embodi-
ment of the present invention, the accelerating and
beam converging means is provided for an accelerating
cavity forwardly or rearwardly of a coupled cavity
which is provided with a shorting bar. Consequently,

‘particles will not be diverged in any coupled cavity

following the shorting bar, and accordingly there is no
necessity of using an external magnetic field for con-
verging such particles. Therefore, there is an effect that
the accelerating structure can be made compact and
produced at a reduced cost.

Subsequently, a third embodiment of the present
invention will be described. The third embodiment
realizes the third object of the present invention. The
third embodiment is shown in FIG. 15. Referring to
FIG. 15, reference numeral 71 denotes an electron gun,
72 an accelerating cavity, 73 a coupled cavity, 74 a bore
diameter portion, and 75 a ring provided in the bore
diameter of the second accelerating cavity 72 for limit-
ing passage of a beam.

With the accelerating structure having the construc-
tion described above, a beam emitted from the electron
gun 71 is accelerated in each of the cavities 72 of the
accelerating structure while it undergoes divergence
and convergence simultaneously with such accelera-
tion. Here, since a diverging force is greater than a
converging force, the diameter of the beam 1s expanded
simultaneously with acceleration of the beam. How-
ever, a portion of the beam greater than the inner diam-
eter of the ring 75 is cut by the ring 75 provided in the
bore diameter portion 74 at the exit of the second cavity
so that the beam is throttled to the diameter smaller than
the inner diameter of the ring 75. It is to be noted that
the beam energy is still 1 MeV or so at the second cavity
so that, even if the beam collides with the ring, the
intensity of X-ray leakage is very low.

As a result, the diameter of a beam forwarded from
the accelerating structure is small and the intensity of
X-ray leakage is so low that the quantity of shields can
be reduced. |

It is to be noted that while in the third embodiment
described above the ring is provided in the bore diame-
ter portion at the exit of the second cavity, it may other-
wise be provided in the bore diameter portion of a cav-
ity following the second cavity where the energy gain
for one cavity 1s low.

As described so far, according to the third embodi-
ment of the present invention, the ring is provided in the
bore diameter portion. Accordingly, the diameter of an
output beam of the accelerating structure is reduced and
the intensity of X-ray leakage is low. Consequently, the
quantity of shields is reduced and the accelerating struc-
ture is produced at a reduced cost.

What is claimed 1s:

1. A standing-wave accelerating structure for accel-
erating charged particles to a high energy using an
electric field of microwaves, comprising a buncher
section including at least one cavity for bunching
charged particles, and a regular section coupled to said
buncher section and including at least one cavity, said
accelerating structure having a cylindrically shaped
bore provided in each of the cavities of said accelerating
structure for passing the charged particles therethrough
along an axis through said bores, the diameter of the
bore in said at least one cavity of said buncher section
being smaller than the diameter of the bore in said at
least one cavity of said regular section.
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2. A standing-wave accelerating structure according
to claim 1, wherein said regular section comprises a
plurality of cavities respectively coupled to each other
and the diameter of the bore in said at least one cavity
of said buncher section wherein the charged particles
coming into said accelerating structure and bunched for
the first time has a smaller diameter than the other bores
in said cavities of said regular section and said other
bores all have a uniform diameter.

3. A standing-wave accelerating structure according
to claim 1, wherein the diameter of the bore i1n said at
least one cavity of said buncher section presents a sub-
stantially equal ratio with respect to the diameter of the
bore in said at least one cavity of said regular section to
the ratio of an axial length of a cavity cycle of said at
least one cavity of said buncher section substantially in
the direction of said axis of said accelerating structure
with respect to an axial length of a cavity cycle of the at
least one cavity in said regular section.

4. A standing-wave accelerating structure according
to claim 1, wherein said buncher section and said regu-
lar section each comprises a plurality of cavities and the
diameter of the bore of each of the cavities 1n said
buncher section presents a substantially equal ratio with
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respect to the diameter of the bores of the cavities in
said regular section to the ratio of an axial length of a
cavity cycle of the cavities in said buncher section with
respect to an axial length of a cavity cycle of the cavi-
ties in said regular section.

5. A standing-wave accelerating structure according
to claim 1, wherein each of said at least one cavities in
said buncher section and in said regular section include
a gap defined between opposing nose cones facing each
other therein and the diameter of the bore of said at least
one cavity in said buncher section presents a substan-
tially equal ratio with respect to the diameter of the
bore of said at least one cavity in said regular section to
the ratio of the length of the gap between the opposing
nose cones of said at least one cavity in said buncher
section with respect to the length of the gap between
the pair of opposing nose cones of said at least one
cavity in said regular section.

6. A standing-wave accelerating structure according
to claim 1, wherein a ring for limiting passage of the
charged particles therethrough is provided in said bore

of said buncher section.
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